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Constraining CKM parameters from charmless hadronic B decays requires methods for ad- 
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dressing the hadronic uncertainties. A complete technique is presented, using relations between 
amplitudes in the B,Bs — > tvk, K-k, KK system obtained in the exact SU{3) symmetry limit, 
without having to neglect annihilation/exchange topologies. Naive S'L''(3)-breaking effects in 
the decay amplitudes are taken into account, through the inclusion of n and K decay con- 
stants in the normalisations and conservative theoretical errors. Already with the limited set of 



■ observables currently available, significant constraints on the CKM parameters are obtained. 

Also, subsets of observables are shown to bring non trivial constraints on the CKM angles 
a and (3, in agreement with analytical solutions that we derive. Finally, the future physics 
potential of this method is estimated, in light of the increased precision of measurements from 
the current B-factories, and the inclusion of several new observables from Bs decays expected 
to be provided by the LHC experiments. 



1 Introduction 

Constraining CKM parameters from charmless hadronic B decays requires methods for ad- 
dressing the hadronic uncertainties. A common method consists in considering symmetries to 
relate different decay amplitudes and eliminate hadronic unknowns. SU(2) symmetry is well un- 
derstood and largely used to get constraints on the Unitarity Triangle from charmless two-body 
hadronic B decays. In the vrvr system, it allows to determine the angle a up to an eightfold 
ambiguity, whereas in the Kir system, it requires additional hypotheses to be predictive. In 
both cases, the derived constraints remain weak with the current errors and one can wonder 
how to use all the available inputs in a more efficient manner. Although errors remain large, 
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theoretical calcul ation s as SCET or QCD factorization can be considered, as it has been dis- 
cussed previously 1^^. Here, we propose a new data-driven technique, using relations between 
amplitudes in the B,Bs — > tttt, Kvr, i^i^ system obtained in the SU{3) symmetry limit. Use of 
appr oxi mat e S U ( 3 ) symmetry'"' for those modes has received considerable attention in the recent 
literaturel ^ l ^ l '^ l ^ l In this paper, the exact SU{3) limit is considered, without additional hypothe- 
ses such as the neglect of annihilation/exchange topologies. Naive 5'[/(3)-breaking effects in the 
decay amplitudes are taken into account, through the inclusion of vr and K decay constants in 
the normalisations and conservative theoretical errors. 

The first section is devoted to the formalism : the decay amplitudes under SU (3) are ex- 
pressed, electroweak penguin amplitudes are related to other amplitudes in a model-independent 
way, and the SU(3) breaking parameterization is described. In section |31 two analytically solv- 
able subsystems of observables are introduced mainly constraining the CKM angles a and (5. 
The inputs, the parameter counting and the statistical approch are briefly discussed in section 0] 
Finally, numerical results are given in section[51 where the future physics potential of this method 
is also estimated, in light of the increased precision of measurements from the current B-factories, 
and the inclusion of several new observables from Bg decays expected to be provided by the LHC 
experiments. This work will be described in further details in an upcoming publication^. 



2 Formalism 



2.1 Model-independent parameterization in the SU(3) limit 

Benefiting from the unitarity of the CKM matrix, one can provide a phenomenological de- 
scription of any decay amplitude in terms of CKM matrix elements and two complex hadronic 
amplitudes; namely for the 5° K+vr" decay amplitude : A{K~^'k~) = VusV*^T~^~ + VtsV^^^P. 
Owing to SU(3) invariance of strong interaction, the amplitudes of various Bg — vrvr, Kit, KK 
decays are related to each other through 16 complex independent equations, and thus the system 
can be described via only 10 hadronic amplitudes, i.e. 19 real physical parameters, as follows : 
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These equations are perfectly exact in the SU(3) limit. 



2.2 Electroweak penguins from Qg^io dominance 

One can relate the electroweak penguins amplitudes P^"^ , pEj to the other 



amplitudes in a model-independent way^l^^l^in the SU(3) limit making use of Fierz transforms 
and benefiting from the dominance of the operator cgOg + ciqOio with respect to C7O7 + cgOs : 
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In the above equations and R are constants given by 
^+^_3c9 + cio ^ +(1.35 ± 0.12) 10-^ p- = -^^^^^ = +(1.35 ±0.13) 10-2 . (3) 

2 Ci + C2 2 Ci - C2 

The theoretical error on the numerical evaluation of this ratio has been estimated from the 
residual scale and scheme dependence of the Wilson coefficients^^. 



2.3 SU(3) breaking 

SU(3) flavor symmetry is only approximately realized in nature and one may expect violations 
up to 30% at the amplitude level. For example, within factorization the relative size of SU(3) 
symmetry breaking is expected to be {fx — fn)/ fx, where fx and fn are the pion and kaon decay 
constants, respectively. Dominant factorizable SU(3) breaking effectsl^ are taken into account 
via the normalization of P — > Ktt, B KK and Bs Kn amplitudes, with regard to the 
B TTTT one. The normalization factors are respectively : 

NKn = ^ = 1.22 ± 0.22 , 

J IT 

Nkk = (x)'!?"^'^^^^'^^ ' 

Nk^ = = 1.48 ±0.28 , (4) 

where the theoretical uncertainty of 22% is calculated taking the error on ^ to be its deviation 
from one. Remaining SU(3) breaking effects are neglected : residual factorizable SU(3) breaking 
does not exceed a few percents, while non factorizable SU(3) breaking sources, being uncon- 
strained by both theoretical and experimental arguments for the moment, are assumed to play 
no important role. 



3 Some observables subsets 

Within this framework, one can first reduce the number of unknowns by considering subsys- 
tems of observables constraining the angles a and /? separately. These subsystems are of great 
interest because they dominate the constraints in the (p,r/) plane and they can be solved ana- 
lytically. For the sake of simplicity, we will give the analytical solutions in the case of vanishing 
annihilation and exchange topologies. Note that analytical solutions do still exist without this 
hypothesis, and that the numerical results do not neglect these contributions. 



3.1 The "a" subsystem 

Let us first consider all the observables related to tt+tt", K^tt^, and B^ —^ 

K~^K~ decays and call this subsystem "a". In this case, the system reduces to 4 complex hadronic 
unknowns : T"' , P, AT and PA. Neglecting annihilation and exchange topologies (AT = PA = 
0), the system can be described by two equations, in the Kts^l,; Ks^t basis : 

A{B K+7r~) = te'^ - p , A{B vr+vr-) = Ate'^ - \p , (5) 

A 

solving to the analytical solution : 

^Jl-C+^~^\V\ cos(2a - 2aeff - e) = {I + X^f - 2\^sin'{^) ( 1 + ^\ , (6) 

with ^^;C^;+i3+~C+- = and P = |P|e*' = (l + A^) (l + A^e^T). Thus, this subsystem mainly 
measures the angle a, with a A^ suppressed dependence on the angle 7 (A = sin(0cabibbo) ~ 0.23). 

3.2 The "f3" subsystem 

Let us now consider the subsystem of observables related to B^ —>■ tt^tt^, B^ — > K^tt^, and 
B^ K+K- decays. In the same manner than for the "a" subsystem, the hadronic unknowns 
are reduced to four complex quantities T^^, —P + P^^, AT et PA. Neglecting annihilation and 
exchange topologies, it solves to : 

^1 - CZ'm cos(2/? - 2/?eff + e) = (1 + A2)2 - 2A2 W(7) + ^ 

with ^^^Cf ^ + C°° = 0. This subsystem, called in the following, mainly measures the 
angle f3, with a A^ suppressed dependence on the angle 7. 



4 Input data, parameter counting and statistical approach 

The inputs used are world averages from hfagEI 

at EPS 2005, using available results from 
BABAR, Belle, CLEO and CDF. We have used ten branching ratios, eight CP asymmetries, and 
the two CP parameters 5"+^ and 5*^^^ ; i.e. 20 independent observables in total for the Bj^ and 
Bu amplitudes. In addition, we have taken into account six ratios of branching ratios measured 
by CDF, four of which are the only observables available for Bs decays. 

For the "a" and subsystems, we have respectively 8 and 6 measurements available, both 
corresponding to 6 independent observables, for a total of 7 real hadronic unknowns for each 
system. For the full system, we already have in total 21 independent observables for 13 real 
hadronic unknowns. There are up to 38 independent observables related to this system making 
it a promising tool to constraint the Unitarity Triangle in the future. 

We use classical frequentist statistics (minimum x^) to obtain the constraints on the param- 
eters. All unknown parameters are left free to vary in the fit without contributing to the x^- As 
for the parameters that come with a theoretical uncertainty (namely R^, and the normalization 
factors in Q), we use the Rfit^^ approach. 



5 Fit results 



5.1 The "a" and "f3" subsystems 

Constraints in the (p,?y) plane for the "a" and subsystems are shown on figure ^ The 
respective dependence on the angles a and /3 is clearly visible, whereas the dependences on the 




Fig. 1 - Constraints in the (p,rj) plane from B vr+vr", K~^7r~ , K~^K~ modes, i.e. from the "a" 
subsystem of inputs (left) and from B — > tt^tt^ , K^i:^ , K~ modes, i.e. from the subsystem 
of inputs (right). 



angle 7 create small structures breaking the symmetry of the constraints. Both results are in 
good agreement with the superimposed standard CKM fit. 



5.2 Joint and full systems 

Correlations between the two subsystems arise from two sources : the common mode Bd 
and the tree-dependent parameterization of the electroweak penguins amplitude , If 
was totally free, —P + P^^ could be identified with an independent free amplitude in the 
"/3" subsystem, and in case of vanishing annihilation and exchange topologies (AT = PA = 0), 
the two subsystems would be completely uncorrelated. The constraints obtained joining the 
systems "a" and are shown on figure [21 (top left). They are stronger than the naive product 
of separated contraints assuming the absence of correlations. This effect comes mainly from 
the expression of the electroweak penguins amplitude p^^ . We also find that the fit marginally 
prefers non standard valeurs for p^^ ^ in agreement with what was argued by the authors of^ ^ ^\ 

The constraints obtained with the full system and all available inputs are also shown on 
figure 121 (top right). The additional inputs allow to eliminate mirror solutions and get strong 
constraints, in reasonable agreement with the standard CKM fit. 



5.3 Future physics potential 

To estimate the future physics potential of this method, we have performed a tentative 
analysis using the errors expected in 2008. Central values have been chosen to be the best fit 
values for the current set of inputs in the full system framework. The two bottom plots of figurelSl 
show the induced constraints from a closest view in the (p,^) plane. On the left, two B factories 
with 1000/?)"^ each have been considered^^; and on the right, three inputs from LHCb have 
been added^l {C^~_^j^j^, S~^~^j^^ and A'^~^j^^). Including LHCb results, the contraints are 
found to be competitive with the current CKM fit demonstrating the predictive power of this 
framework. 
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Fig. 2 - Top : constraints in the plane from the joint "a" and "/3" subsystems (left) and 

for the full system (right). Bottom : constraints in the (p,f?) plane for the full system with errors 
expected in 2008 including two B factories and CDF (left) and adding three inputs from LHCb 
(right). 



6 Conclusion and outlook 



Already with the limited set of observables currently available, significant constraints on 
the CKM parameters are obtained. Also, observables from the S — > vr+vr 
and K'^K~ subsystem alone are shown to bring strong constraints on the CKM angle 

a. A similar constraint on j3 is obtained from the subsystem — > tt^tt^, B^ — > K'^vr", and 
S° K+K-. The full constraint on the apex on the Unitarity Triangle can already be compared 
with the standard CKM global fit. In the future, this framework alone will be able to determine 
the Unitarity Triangle with an accuracy comparable to the current CKM fit, and could be used 
to constraint SU(3) breaking or New Physics parameters. 
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